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Background: The accurate preoperative diagnosis of infection is an essential component of decision-making prior to
revision total knee arthroplasty. When preoperative modalities used to detect infection reveal equivocal findings, the
surgeon may rely on intraoperative testing. While intraoperative Gram stains are routinely performed during revision
total knee arthroplasty, their value remains unclear.
Methods: We retrospectively reviewed the records on 945 revision total knee arthroplasties performed at three
university institutions to which patients were referred for total joint arthroplasty; the results of an intraoperative Gram
stain were available for review in 921 cases (97.5%). Of these knees, 247 were classified as infected on the basis of
(1) the presence of the same organism in two cultures; (2) growth, on solid media, of an organism as well as other
objective evidence of infection; (3) histologic evidence of acute inflammation; (4) gross purulence; and/or (5) an
actively draining sinus. We reviewed the results of preoperative laboratory studies, which included measurements of
the erythrocyte sedimentation rate, C-reactive protein values, and white blood-cell count in 90%, 76%, and 98% of
cases, respectively. Preoperative aspiration to obtain a specimen for culture and a cell count was performed routinely
at one center and selectively at the other two centers, and the results were available for review in 439 (48%) of the 921
cases.
Results: Intraoperative Gram staining was found to have a sensitivity of 27% and a specificity of 99.9%. The positive
and negative predictive values were 98.5% and 79%, respectively. The test accuracy was 80%. Patients with a true-
positive Gram stain had a significantly higher preoperative white blood-cell count, C-reactive protein level, and
nucleated cell count in the aspirate when compared with patients with a false-negative Gram stain (p < 0.001). In no
case did the results of the intraoperative Gram stain alter treatment.
Conclusions: The intraoperative Gram stain was found to have poor sensitivity and a poor negative predictive value,
and its results did not alter the treatment of any patient undergoing revision total knee arthroplasty because of a
suspected infection. These data do not support the routine use of intraoperative Gram staining in revision total knee
arthroplasty; instead, they suggest a much more limited role for this test.
Level of Evidence: Diagnostic Level I. See Instructions to Authors for a complete description of levels of evidence.
T
otal knee arthroplasty is a successful and effective sur-
gical treatment for arthritis, with reported survivorship
and patient satisfaction rates of >90% at ten to fifteen
years1,2. A knee arthroplasty that does fail, however, poses a
management dilemma. Paramount to choosing an appropriate
treatment strategy is the correct identification of the cause of
failure. While noninfectious etiologies such as loosening, in-
stability, and malalignment are responsible for the majority of
total knee revisions, infection continues to be the reason for a
substantial percentage of revisions and has been reported to be
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excess of $10,000 from Stryker Orthopaedics, Smith and Nephew Orthopaedics, and the Orthopaedic Foundation at the Rothman Institute. Neither they
nor a member of their immediate families received payments or other benefits or a commitment or agreement to provide such benefits from a
commercial entity. A commercial entity (Stryker Orthopaedics) paid or directed in any one year, or agreed to pay or direct, benefits in excess of $10,000
to a research fund, foundation, division, center, clinical practice, or other charitable or nonprofit organization with which one or more of the authors, or a
member of his or her immediate family, is affiliated or associated.
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the single most common cause of early failure3-5. Two-stage
exchange arthroplasty is generally considered the preferred
method of treatment of periprosthetic joint infection6-9.
A preoperative evaluation that incorrectly identifies the
presence or absence of infection can lead to either inappro-
priate surgical intervention or a delay in appropriate treat-
ment. Currently, however, there is no gold standard for the
diagnosis of an infection at the site of a total knee arthroplasty.
An equivocal result of a preoperative workup may, therefore,
require the surgeon to depend on intraoperative tests to de-
termine that infection is absent10. While the efficacy of frozen-
section analysis has been established by several authors11-13, the
value of an intraoperative Gram stain remains unclear. Al-
though the test is routine at many centers, its sensitivity has
been consistently reported to be low and previous studies have
been hampered by small sample sizes or by the authors com-
bining the results of both hip and knee revision surgery11-21.
This study was designed to determine the sensitivity,
specificity, accuracy, and positive and negative predictive values
of intraoperative Gram stains in a large cohort of patients
undergoing revision total knee arthroplasty. We also under-
took a review of the preoperative and intraoperative findings to
determine whether there were instances in which the intra-
operative Gram stain may have provided valuable information
to the surgeon. In doing so, we hoped to identify the role that
an intraoperative Gram stain plays in determining the correct
course of treatment.
Materials and Methods
The data for this study were prospectively gathered at threeuniversity-affiliated institutions over a six-year period and
entered into an institutional review board-approved, multi-
institution database of information on all revision total knee
arthroplasties. This database was queried retrospectively for
information relevant to the study question. Routine preoper-
ative testing included measurement of the erythrocyte sedi-
mentation rate, C-reactive protein level, and white blood-cell
count (Table I). Preoperative aspirationwas performed routinely
at one center, and it was carried out selectively at the other two
institutions when infection was suspected on the basis of clinical
or radiographic findings. Aspirates were sent for aerobic and
anaerobic culture and, when sufficient fluid was available, for a
cell count and differential. Aspiration results were available for
439 patients (48%). An intraoperative culture of synovial fluid
was performed in all cases, and additional tissue was sent for
culture in all but three cases. The results of the preoperative and
intraoperative cultures and the medium on which the bacteria
were identified (solid, or enhanced broth) were documented.
Clinical follow-up notes were reviewed for evidence of infection.
Knees were classified as infected when three of the five
following criteria described by Leone and Hanssen22 were met:
(1) the presence of the same organism in two cultures, (2)
growth of an organism on solid media as well as other objective
evidence of infection such as elevated levels of inflammatory
markers in the absence of systemic inflammatory disease or
an elevated cell count and percentage of polymorphonuclear
leukocytes in aspirated joint fluid, (3) histologic evidence of
acute inflammation, (4) gross purulence at the time of surgery,
or (5) an actively draining sinus. Threshold values for evidence
of infection based on results of blood tests and synovial fluid
analysis were derived from the published literature and in-
cluded an erythrocyte sedimentation rate of >30 mm/hr, a
C-reactive protein level of >10 mg/L, a synovial fluid nucle-
ated cell count of >1700 cells/mL, a white blood-cell count of
>11.0 · 109/L, and a synovial fluid leukocyte differential of
>65% polymorphonuclear leukocytes15,23. A normal result of a
preoperative workup was defined as one in which all of its
components were within these defined normal limits.
Statistical Analysis
The Mann-Whitney one-tailed t test with Gaussian approxi-
mation, and calculations of sensitivity, specificity, accuracy,
and positive and negative predictive values, were performed
with use of GraphPad Prism, version 5.01 for Windows (Graph-
Pad Software, San Diego, California). Descriptive analysis was
performed with use of univariate statistics for the continuous
variables and frequency distribution for the categorical vari-
ables. Results for the continuous variables are reported as means
and range distributions. Gaussian distribution was evaluated to
determine if there was a normal distribution of the data. Chi-
square analysis was carried out to determine the sensitivity,
specificity, accuracy, and positive and negative predictive values.
With use of one-tailed Mann-Whitney statistics, the means and
standard deviations for the continuous variables, including the
erythrocyte sedimentation rate, C-reactive protein level, white
blood-cell count, cell count in the aspirate, and percentage of
TABLE I Preoperative Testing Performed on Patients with an Intraoperative Gram Stain
No. of Patients with Test
Result of Gram Stain White Blood-Cell Count Erythrocyte Sedimentation Rate C-Reactive Protein Aspiration
True-positive (67 patients) 67 66 58 47
False-negative (180 patients) 177 175 157 142
True-negative (673 patients) 658 589 481 238
False-positive (1 patient) 1 1 1 0
Total (921 patients) 903 (98%) 831 (90%) 697 (76%) 439 (48%)
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polymorphonuclear leukocytes in the aspirate, were compared
between the patients with a true-positive result and the ones with
a false-negative result. The Mann-Whitney statistic is a non-
parametric test and was used for this analysis as the data were
collected from independent samples and were not normally
distributed. The results of these comparisons are reported as p
values.
Source of Funding
No funding was received specifically for this study; however,
funds were received in general support of the total joint regis-
tries that were the sources of the data presented in the study. The
funding sources were Smith and Nephew Orthopaedics and the
Orthopaedic Foundation at Rothman Institute. Funding for
total joint researchwas also received fromStrykerOrthopaedics.
Results
The records on 945 consecutive revision total knee ar-throplasties performed over a six-year period were re-
viewed; the results of an intraoperative Gram stain were
available for review in 921 (97.5%) of these cases. Two hun-
dred and forty-seven knees were classified as infected, and
all had an intraoperative Gram stain available for review. Of
the 698 knees determined not to be infected, 674 had a Gram
stain available for review; the Gram stain was reported to be
negative in 673 of these cases and positive in one. In the
positive case, all other tests (white blood-cell count and
measurements of the erythrocyte sedimentation rate and level
of C-reactive protein) demonstrated normal results and an
intraoperative frozen section showed no acute inflammation. A
revision was performed with no subsequent evidence of in-
fection, so the Gram stain was classified as false-positive. In-
traoperative Gram staining was found to have a sensitivity of
27% and a specificity of 99.9%. The positive and negative
predictive values were 98.5% and 79%, respectively (Table II).
Intraoperative Gram staining did not influence treatment in
any case.
There were sixty-seven true-positive and 180 false-
negative Gram stains (Table III). The white blood-cell count, C-
reactive protein level, and aspirate cell count were significantly
higher in the group of infected knees with a true-positive Gram
stain than they were in the group with a false-negative Gram
stain (p < 0.001). The erythrocyte sedimentation rate and
differential cell count (percentage of polymorphonuclear leu-
kocytes) in the joint fluid aspirate did not differ significantly
between the two groups (p = 0.3 and p = 0.4, respectively)
(Table III). The erythrocyte sedimentation rate, C-reactive
protein level, aspirate cell count, and percentage of polymor-
phonuclear leukocytes in the aspirate were all significantly
higher in the infected knees with a negative Gram stain (false-
negative cases) than they were in the uninfected knees with a
negative Gram stain (true-negative cases) (p < 0.01); this
finding was consistent with the results in a large body of lit-
erature7,13,15,24. Of the sixty-seven patients with a true-positive
Gram stain, only one had normal results of the preoperative
workup (white blood-cell count, erythrocyte sedimentation
rate, and C-reactive protein level). A preoperative aspiration
had not been performed in that patient, and purulent fluid was
encountered. On the basis of the intraoperative appearance
of the tissue, a frozen-section analysis was performed and it
showed acute inflammation (>10 polymorphonuclear leuko-
TABLE II 2 · 2 Table for Results of Gram Staining for Diagnosis
of Infection During Revision Total Knee Arthroplasty
Infection Confirmed*
Gram Stain Yes No
Positive 67 true-positive 1 false-positive
Negative 180 false-negative 673 true-negative
*True-positive = infection present and Gram stain positive, false-
positive = infection absent and Gram stain positive, false-negative =
infection present and Gram stain negative, and true-negative = in-
fection absent and Gram stain negative. Sensitivity = true-positive/
(true-positive 1 false-negative) or true-positive/total with disease =
0.27 (95% confidence interval, 0.22 to 0.33). Specificity = true-
negative/(false-positive 1 true-negative) or true-negative/total with-
out disease = 0.999 (95% confidence interval, 0.99 to 1.00). Positive
predictive value = true-positive/(true-positive1 false-positive) or true-
positive/all with positive test = 0.985 (95% confidence interval, 0.92
to 1.00). Negative predictive value = true-negative/(false-negative 1
true-negative) or true-negative/all with negative test = 0.79 (95%
confidence interval, 0.76 to 0.82).
TABLE III Comparison of Preoperative Laboratory Results for Infected Knees with Positive and Negative Intraoperative Gram Stains
Parameter True-Positive* (N = 67) False-Negative* (N = 180) P Value
White blood-cell count (· 109/L) 11.8 ± 5.159 (4.4-35.6) 8.6 ± 3.802 (3.4-38.9) <0.001
Erythrocyte sedimentation rate (mm/hr) 81.15 ± 32.66 (4-141) 72.7 ± 30.12 (1-140) 0.3
C-reactive protein (mg/L) 22.8 ± 20.28 (0.5-100) 15.23 ± 66.08 (0.5-149) <0.001
Aspirate nucleated cell count (cells/mL) 60,000 ± 120,000 (175-585,000) 27,600 ± 100,000 (330-850,000) 0.001
Aspirate polymorphonuclear leukocytes (%) 86.27 ± 12.97 (17-100) 85.7 ± 16.38 (4-99) 0.4
*The values are given as the mean and standard deviation with the range in parentheses.
2126
THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG
VOLUME 91-A d NUMBER 9 d SEPTEMBER 2009
THE VALUE OF INTRAOPERAT IVE GRAM STA IN IN
REVI S ION TOTAL KNEE ARTHROPLASTY
cytes per high-power field). A two-stage exchange arthroplasty
was performed.
Discussion
Described by Hans Christian Gram in 1884, the Gram stainexploits biochemical differences between bacterial cell
walls to broadly classify many bacteria as either gram-positive
or gram-negative25. This categorization is based on a number
of morphological characteristics of the bacterium, including
the relative thickness of the bacterial peptidoglycan layer and
the presence or absence of an outer membrane. We are not
aware of any available data concerning the average bacterial
load seen within the tissues of an infection at the site of a total
knee arthroplasty. Periprosthetic infection often occurs with a
low organism burden in the synovial fluid. This is influenced
by the formation of biofilms, which have a higher organism
burden, and this may in part explain the variable sensitivity of
Gram stains reported for different organisms26,27. The results of
the present study indicate that an intraoperative Gram stain is
more likely to be positive in the setting of a more fulminant
periprosthetic knee infection, a hypothesis supported by the
fact that the white blood-cell count, C-reactive protein level,
and aspirate cell count were significantly higher in cases with a
true-positive Gram stain than they were in those with a false-
negative stain.
A Gram stain is commonly performed on operatively
retrieved specimens as a means of screening for the presence
of infection24,28, but this practice appears to be of question-
able value. Previous studies of relatively small cohorts have
shown Gram stains to have poor sensitivity, which has been
as low as 0% in some reports (Table IV). Indeed, previous
authors who reviewed a mixed cohort of hip and knee revi-
sions questioned the value of an intraoperative Gram stain
and suggested that the test should not be ordered on a rou-
tine basis17. The sensitivity of an intraoperative Gram stain
was also low (27%) in our series of 921 revision total knee
arthroplasties.
Preoperative planning of the treatment of a failed total
knee arthroplasty depends in part on the results of a preoper-
ative workup, in which identification of infection is important.
The intraoperative use of a Gram stain had little or no diagnostic
role for the patients with positive results of the preoperative
workup for infection in our series. The sensitivity of the intra-
operative Gram stain also was too low to be considered reliable
for the patients with equivocal results of the preoperative work-
up. In addition, the Gram stain proved to be of no value for the
patients with completely normal results of the preoperative
workup since no true-positive cases were identified within this
group and there was one false-positive case.
There is a potential for substantial variability in the in-
terpretation of the Gram stain by the laboratory personnel
performing the test. There is the potential for error in both the
staining process and the interpretation of the slides, problems
that may have contributed to the prevalence of false-negative
results observed in this study. False-positive cases were rare in
this series (only one case), but less experienced technicians
could overinterpret Gram-stain results, leading to more false-
positive findings. Specimen contamination can also result in a
false-positive finding. Previous investigators have reported that
intraoperative Gram staining has a very high specificity for a
positive result17,21. Our study confirms this finding. Of the
sixty-seven patients with a true-positive Gram stain, only one
had normal findings on the preoperative workup, which was
incomplete. The patient was an eighty-year-old man who was
noted to have purulent joint fluid at the time of surgery; a
preoperative joint aspiration had not been performed. An in-
traoperative frozen-section analysis was performed, and re-
implantation was aborted because of the gross purulence.
Therefore, the intraoperative Gram stain did not alter the
treatment of any patient.








Athanasou et al.11 1995 106 Hip/knee 18 100
Atkins et al.14 1998 297 Hip/knee 12 98
Barrack et al.15 1997 69 Knee 10 100
Bauer et al.13 2006 168 Hip/knee 22 and 35* 100
Chimento et al.16 1996 194 Hip/knee 0 0
Della Valle et al.17 1999 413 Hip/knee 14.7 98.8
Feldman et al.12 1995 33 Hip/knee 22 100
Ko et al.18 2005 40 Hip/knee 0 0
Kraemer et al.19 1993 144 Hip 23 100
Pandey et al.20 1999 602 Hip 21.5 100
Spangehl et al.21 1999 202 Hip 19 98
*Tissue and fluid, respectively.
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The study had some weaknesses. First, as a result of its
retrospective design, there may have been some variability in
data collection. Second, because it was a multi-institutional
study, it is possible that the protocols for the workup and
management differed among the patients. In fact, this was the
case with respect to aspiration of the joint. All knees sched-
uled to undergo revision arthroplasty were aspirated rou-
tinely in one institution and only selectively in the others.
This resulted in a lack of availability of aspiration data for
some patients. Also, because of differences in the workup of
these patients, serological tests such as measurement of the C-
reactive protein level were not performed for all patients.
Such variability in the management of these patients presents
the possibility of bias; specifically, it is possible that the rel-
ative value of diagnostic tests other than the Gram stain may
have been incorrectly exaggerated or diminished. This study,
however, was not designed or intended to establish the value
of either measurement of the C-reactive protein level or
preoperative aspiration in the diagnosis of periprosthetic
infection.
A complete preoperative workup for periprosthetic in-
fection in a patient with a failed total knee arthroplasty includes
serological testing, synovial fluid analysis, and radiographic
imaging. We consider preoperative aspiration to be particularly
useful. The accuracy of preoperative aspiration for the diagnosis
of infection prior to revision of a failed total knee arthroplasty
has been reported to be very high, approaching 100% in some
series13,29 but generally ranging from 75% to 80% if the patient is
not being treated with antibiotics15. In our series, in which strict
criteria were employed for the definition of periprosthetic in-
fection, intraoperative Gram staining played no role in the di-
agnosis of infection in patients who had had a full preoperative
workup and the selective use of intraoperative frozen-section
analysis. We suggest that the practice of routinely performing a
Gram stain at the time of revision total knee arthroplasty may
safely be abandoned. n
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